Abstract-Possible involvement of lipid peroxide (LPO) in the occurrence of diabetic retinal lesion was investigated using streptozotocin-induced diabetic rats. Young male Wistar rats weighing 100-150 g were made diabetic by daily intraperitoneal injection of 30 mg/kg streptozotocin (STZ) for 5 days. Five weeks after the termi nation of STZ-treatment, when animals maintained typical hyperglycemia, the tissue level of LPO, estimated by the thiobarbituric acid method in the presence of 0.5 mM EDTA, was found to be augmented in the kidney. At 7 to 9 weeks after the STZ-treatment, the content of LPO in the retina also exhibited a significant increase, while those in the serum, brain and peripheral nerves showed no alteration. This increment of LPO in the kidney and retina was accompanied by the concomitant reduction of fat-soluble antioxidants determined by the ferric chloride-bipyridyl reaction, and insulin treatment (10 u/rat/day, s.c.) completely eliminated the increased formation of LPO in these organs. When diabetic rats were treated with retinol acetate, which had an inhibitory effect on LPO formation in retinal homogenate, the increase in LPO content was found to be significantly suppressed, especially in the retina. These results suggest that the STZ-induced diabetic state may elicit an increased formation of LPO in the retina and kidney, both of which are known to be main organs having typical diabetic lesions.
Over the past decade, a considerable body of evidence has been accumulated which indicates that peroxidation of membrane lipids may lead to an irreversible impairment of cellular integrity. Lipid peroxidation is well known to be the consequence of oxidative deterioration of polyunsaturated lipids, a process in which free radicals play an intermediate role.
Since the retina has a rich supply of oxygen and contains a large quantity of polyunsaturated fatty acids, especially in the photoreceptor layer, it is highly conceivable that retinal tissue is susceptible to oxidative damages which lead to lipid peroxidation. In fact, clinical studies have shown that exposure of premature infants to high levels of oxygen causes the destruction of retinal vascular systems (1 ) . Experimental studies have revealed that the level of lipid peroxide (LPO) in retinal tissue is increased in animals exposed to high concentrations of oxygen (2, 3) . Retinal damages induced by ir radiation (4), light (5) and iron (6) have also been reported to be dependent upon lipid peroxidation elicited by free radical formation.
On the other hand, a wealth of data has been collected on the pathology of diabetic retinopathy. This complication, together with diabetic nephropathy, exhibits a typical vascular lesion called microangiopathy which is known to be one of the characteristic manifestations in diabetes. Although diabetic retinopathy has now become a major cause of new blindness in adulthood, the exact pathological mechanism as well as how to prevent the progress of this lesion still remain to be elucidated. Since serum LPO level was reported to be increased in diabetic patients (7) , it appears relevant to study whether or not lipid peroxidation is involved in the pathogenesis of various diabetic com plications. In this study, we have examined the alteration of LPO level in experimentally diabetic animals and the possible role of endogenous antioxidants in protection against peroxidative injury in various organs.
Materials and Methods
Handling of animals: Male Wistar rats weighing 100-150 g were made diabetic by daily intraperitoneal injection of strep tozotocin (STZ) for 5 days with free access to laboratory chow and water. Glucose level in serum collected from decapitated animals was measured by an enzymatic method using glucose oxidase (8) . In insulin replacement studies, insulin zinc suspension (insulin Novo Lente; 10 IU/rat, s.c.) was administered daily to diabetic rats at 4 to 5 weeks after the injection of STZ until the day of experiment. The total vitamin A contained in laboratory chow was 1,100 I U/100 g diet, and this amount was found to be sufficient for the daily requirement in adult rodents. Sup plemental vitamin A (retinol acetate: 1,000 IU/rat, p.o.) was administered twice a week to animals at 4 to 5 weeks after STZ treatment until the day of sacrifice, which may double the intake of vitamin A.
Determination of LPO: LPO in serum (9) and tissue (10) was estimated by the thio barbituric acid (TBA) reaction in the presence of 0.5 mM ethylenediaminetetraacetic acid (EDTA) to inhibit non-enzymatic lipid peroxidation during the manipulation (11), and it was expressed in terms of pmoles or nmoles malondialdehyde (MDA) present in the assay. Fifty /el of 10% (w/v) tissue suspension containing 1 mM of EDTA was taken for the following fluorometric deter mination (excitation: 515 nm, emission: 553 nm) of LPO using tetraethoxypropane as a standard.
Determination of antioxidants: Water soluble antioxidant was measured by the use of the stable free radical 1,1 -dipheny!-2 picrylhydrazyl (DPPH) in the supernatant fraction prepared by 5% trichloroacetic acid (TCA) precipitation of tissue homogenates (12, 13) . The amount is expressed in terms of n equiv. using ascorbic acid as a standard. Lipid-soluble antioxidant in the chloroform methanol (2:1) extract of the former TCA precipitate was determined by ferric chloride dipyridyl reaction, which was expressed in terms of n equiv. using a-tocopherol as a standard (13) .
Chemicals used: Streptozotocin and retinol acetate (Type III) were purchased from the Sigma Chemical Co.; and 1,1-diphenyl-2 picrylhydrazyl, ascorbic acid, a,a'-dipyridyl and a-tocopherol were obtained from Nakarai Chemicals, Ltd. Thiobarbituric acid and 1,1,3,3-tetraethoxypropane were obtained from Tokyo Kasei Kogyo Co., Ltd., and insulin Novo Lent' MC was from Novo Industry A/S.
Results
Effect of STZ on body weight and serum level of glucose: Single intraperitoneal in jection of STZ (70 mg/kg) to rats elicited an increase in serum level of glucose at 4 hr after the injection, which was followed by slight and transient hypoglycemia at 7 hr and subsequent remarkable hyperglycemia at 24 hr after the injection as shown in Fig. 1 .
Several weeks after the STZ-treatment, however, some of the rats were found to recover normoglycemia.
Therefore, repeated intraperitoneal injection of STZ was applied so as to make a chronically hyperglycemic animal as a diabetic model.
When young male Wistar rats weighing 100-150 g were treated with 15 mg/kg of STZ daily for 5 days, they exhibited a mild elevation of serum glucose and a normal pattern of weight gain (Fig. 2) . On the other hand, the treatment with 30 mg/kg of STZ induced a marked hyperglycemia (400-600 mg/dl) as well as the suppression of a gain in body weight.
LPO content in various organs and effect of insulin administration:
Determination of LPO content in various organs of hyper glycemic rats revealed that the tissue level of LPO in kidney was significantly increased at 5 weeks after the STZ-treatment (Fig. 3) . Though single administration of STZ had no notable effect on retinal level of LPO (Fig. 1 ) , a significant increment of LPO in the retina was observed at 7 to 9 weeks after the repeated injection of STZ (Fig. 4) . The level of LPO in serum as well as other nervous tissues including whole brain, spinal cord and sciatic nerve, as presented in Fig. 3 , exhibited no alteration, which indicates the specificity of increased LPO formations in the kidney and retina in these diabetic animals. while the increased formation of LPO in the retina and kidney was found to be completely eliminated by this treatment (Fig. 5) . Thus the alteration of LPO in these organs induced by STZ-treatment appears to be dependent upon continuous elevation of the serum level of glucose.
Content of endogenous antioxidants: Though the level of water-soluble antioxidant, endogenously contained in tissue and serum, was not influenced by STZ-treatment (Fig.  6) , the determination of lipid-soluble anti oxidant revealed that the content was specifically attenuated in the retina and kidney (Fig. 7) . Effect of retinol acetate administration: When retinal homogenate was incubated with 10-4 M of ferric chloride at 37°C in an aerobic environment, time-dependent for mation of LPO in the homogenate was observed. As shown in Fig. 8 , addition of the antioxidant enzyme superoxide dismutase (250 u/ml) had no effect on the lipid peroxidation in the homogenate. Hydrophilic antioxidants such as 1,2-dihydroxybenzene 3,5-disulfonic acid disodium salt (tiron), glutathione, and mannitol at the concen tration of 10-4 M showed no preventive action on the peroxidation, while L-ascorbic acid remarkably accelerated LPO formation as reported previously (14) . On the other hand, a-tocopherol, retinol and retinoic acid, which are known to be endogenous lipophilic antioxidants, significantly suppressed the formation of LPO in retinal homogenate.
Retinoids are documented to play an essential role in visual function, but their antioxidative action in the retina has not drawn much attention. Thus, the effect of in vivo administration of retinol acetate on LPO content was further examined in the rats treated with STZ. As shown in Fig. 9 , STZ induced increment of LPO content in the retina was found to be significantly attenuated by retinol administration.
The increment of LPO content in the kidney of diabetic rats was, however, not affected by this treatment, which indicates the potent protective action of the latter retinoid in the visual organ.
Discussion
Early triphasic blood-sugar response caused by a single intraperitoneal injection of STZ coincided with the former report by Junod et al. (15) . Since the content of LPO in retina was not affected by this transient fluctuation of serum level of glucose, and daily administration of insulin completely eliminated the alteration of LPO level in the kidney and retina, it is reasonable to assume that the continuous hyperglycemic state induced by STZ may cause an augmented formation of LPO in these organs.
It is well known that vascular lesion, especially microangiopathy, is one of the serious complications in diabetic patients. A histological feature common to this vascular disorder is reported to be a thicker yet more porous basement membrane structure throughout the microvasculature (16) . Considering the fact that both the retina and kidney are the main organs having this type of complications, it seems highly likely that there may exist some interrelation between the increased formation of LPO and the occurrence of pathological lesions in these organs. Furthermore, lipid peroxidation per se had been demonstrated to play an important role in retinal degeneration induced by various injurious factors (1-6). Actually, direct intravitreal injection of LPO has been found to elicit progressive and irreversible attenuation of the amplitude of ERG, in dicating functional deterioration of retina (17) . Thus, the increment of LPO content observed in the retina of STZ-induced diabetic rat may be indicative of retinal dysfunction associated with diabetic re tinopathy, as reported previously in human subjects (18 a-Tocopherol, a lipophilic vitamin, has been shown to prevent the oxidative damage in rod outer segments, but it was found that the endogenous level of tocopherol was insufficient to eliminate the peroxidation of membranous lipid completely (20) . These results suggest the existence of other potent protective mechanisms against peroxidation in the retina. In fact, our present investigation has indicated that retinol exhibits anti 11 poperoxi dative effects in the retina both in vitro and in vivo. Antioxidative actions of retinol have already been demonstrated in subcellular fractions from the liver, kidney and spleen of normal rats (21) . Although large doses of retinoids are known to be toxic to biological membranes (22, 23) , it has been shown that these compounds prevent oncogenic transformation induced by chemi cals (24) or r-ray irradiation (25) , which recently has attracted the attention of many scientists. While the exact mechanism of this inhibitory effect of retinoids on carcinogenesis still remains to be determined, it has been proposed that the quenching reaction of these compounds with singlet oxygen which leads to peroxidation may take part in their anti cancer effect (26) . In view of these studies and present findings, it seems permissible to assume that retinoids may be involved in physiological protective mechanisms against lipid peroxidation in the retina in addition to their photo-receptive functions as visual pigment.
Therefore, it may be pharma cologically significant to administer this vitamin or its synthetic analogs so as to prevent the excessive formation of LPO such as found in the retina of diabetic rats. Further studies on the exact site as well as the specificity of this antiperoxidative action of vitamin A in the retina, however, may be required in order to bring this idea into clinical practice. 
